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Rare exclusive B∗c → Ds l+l− decays are analyzed in the framework of the three–point QCD sum rules approach.
The two gluon condensate corrections to the correlation function are included and the form factors of this transition
are evaluated. Using the form factors, the decay width and integrated decay rate for these decays are also calculated.
2I. INTRODUCTION
The rare flavor-changing neutral-current (FCNC) processes {b→ s(d)} are widely studied to test the predictions of
Standard Model (SM) at loop level and to search for new-physics (NP). The recent theoretical studies can be found
in the Refs.[1]-[6].
Various physical observables of leptonic, semileptonic and radiative B decays have been measured by LHCb. For
instance, the form factor, independent observables in the decay B0 → K∗0µ+µ−[7] and the the CP asymmetry in
B+ → K+µ+µ− decays [8] have been measured. More recent measurements in the LHCb for FCNC transitions
can be seen in Refs.[9]-[11]. Measurements of various observables at LHCb indicate that SM predictions are in good
agreement with the experimental results. Therefore, most of the new physics scenarios are excluded.
Rare B∗c → Ds l+l− proceeds FCNC transitions. This decay has not yet been measured by LHCb. There is not
theoretical studies relevant to the form factors and decay rate of this decay. We try to calculate the form factors and
the decay rate of B∗c → Ds l+l− decay as well. We use the three–point QCD sum rules approach in the calculation
of these form factors. The QCD sum rules have widely been used to calculate form factors (some similar studies can
be found in Refs.[12]-[19]).
The paper includes 3 sections: In section 2, we recall the effective Hamiltonian and use the three–point QCD sum
rules approach to calculate these form factors. In section 3, we will use the numerical values of form factors in order
to determine the sensitivity of the decay rate to the invariant dileptonic mass and then present our conclusion.
II. SUM RULES FOR THE B∗c → Ds l
+l− TRANSITION FORM FACTORS
The matrix element of the b→ sℓ+ℓ− transition can be written as:
M(b→ sℓ+ℓ−) = GFα√
2π
VtbV
∗
ts{ceff9 O9 + c10O10 − 2
mb
q2
ceff7 O7} (1)
where
O7 = 1
2
[s¯iσµνq
ν(1 + γ5)b]
[
ℓ¯γµℓ
]
,
O9 = 1
2
[s¯γµ(1− γ5)b]
[
ℓ¯γµℓ
]
,
O10 = 1
2
[s¯γµ(1− γ5)b]
[
ℓ¯γµγ5ℓ
]
,
and c7, c9 and c10 are Wilson coefficients evaluated in the naive dimensional regularization (NDR) scheme at the
leading order (LO), next to leading order (NLO) and next-to-next leading order (NNLO) in the SM[20]–[27]. ceff9 (sˆ) =
c9 + Y (sˆ), where Y (sˆ) = Ypert(sˆ) + YLD contains both the perturbative part Ypert(sˆ) and long-distance part YLD(sˆ).
Y (sˆ)pert in [20] is as follows:
Ypert(sˆ) = g(mˆc, sˆ)c0
3TABLE I: Masses, total decay widths and branching fractions of dilepton decays of vector charmonium states [28].
V Mass[ GeV] ΓVtot[MeV] B(V → ℓ
+ℓ−)
J/Ψ(1S) 3.097 0.093 5.9 × 10−2 for ℓ = e, µ
Ψ(2S) 3.686 0.303 7.82 × 10−3 for ℓ = e, µ
3.0 × 10−3 for ℓ = τ
Ψ(3770) 3.773 27.2 9.6 × 10−6 for ℓ = e
Ψ(4040) 4.040 80 1.1 × 10−5 for ℓ = e
Ψ(4160) 4.153 103 8.1 × 10−6 for ℓ = e
Ψ(4415) 4.421 62 9.4 × 10−6 for ℓ = e
−1
2
g(1, sˆ)(4c¯3 + 4c¯4 + 3c¯5 + c¯6)− 1
2
g(0, sˆ)(c¯3 + 3c¯4)
+
2
9
(3c¯3 + c¯4 + 3c¯5 + c¯6), (2)
where c0 ≡ c¯1 + 3c¯2 + 3c¯3 + c¯4 + 3c¯5 + c¯6, (3)
and the function g(x, y) is defined in [20]. Here, c¯1 – c¯6 are the Wilson Coefficients in the leading logarithmic
approximation. The relevant Wilson Coefficients are given in [29]. Y (sˆ)LD involves B
∗
c → DsV (c¯c) resonances
[21, 30, 31], where V (c¯c) are the vector charmonium states. Following refs. [21, 30], YLD(sˆ) is as follows:
YLD(sˆ) = − 3π
α2em
c0
∑
V=ψ(1s),···
κV
mˆV B(V → ℓ+ℓ−)ΓˆVtot
sˆ− mˆ2V + imˆV ΓˆVtot
, (4)
where ΓˆVtot ≡ ΓVtot/mB∗c and κV takes different value for different exclusive semileptonic decays. This phenomenological
parameters κV can be fixed for B → K∗ℓ+ℓ− decay by equating the naive factorization estimate of the B → K∗V
rate and the results of the experimental measurements [29]. For the time being, there is no experimental result on
B∗c → DsV (cc¯). Thus, we use the results of B → K∗V to estimate the values of κV in our numerical calculations i.e,
κV = 1.75 for J/Ψ(1S) and κV = 2.43 for Ψ(2S), respectively.
Relevant properties of vector charmonium states are summarized in Table I.
The transition amplitude of the exclusive B∗c → Ds l+l− decays is obtained by sandwiching Eq.(1) between the
initial meson state B∗c and the final meson state Ds in terms of form factors as follows:
M =
GFα
2
√
2π
VtbV
∗
ts
[
ceff9 < Ds(pD) | sγµ(1 − γ5)b | B∗c (pB, ε) > ℓγµℓ
+ c10 < Ds(pD) | sγµ(1− γ5)b | B∗c (pB , ε) > ℓγµγ5ℓ (5)
− 2ceff7
mb
q2
< Ds(pD) | s iσµνqν(1 + γ5)b | B∗c (pB , ε) > lγµl
]
,
where ε is the polarization vector of B∗cmeson, pB and pD are momentums of the B
∗
c andDs mesons, respectively. Tak-
ing the Lorentz invariance and parity conservation into account, the matrix elements of the Eq.(5) are parameterized
4in terms of the form factors as follows:
< Ds(pD) | sγµ(1 − γ5)b | B∗c (pB, ε) > = AV (q2)εµναβε∗νpαBpβD − iA0(q2)ε∗µ
−iA+(q2)(ε∗pD)Pµ − iA−(q2)(ε∗pD)qµ, (6)
< Ds(pD) | sσµνqν(1 + γ5)b | B∗c (pB, ε) >= −TV (q2) iεµναβε∗νpαBpβD
−T0(q2)
{
ε∗µ +
(ε∗pD)
(m2
B∗c
−m2
Ds
)
Pµ
}
− T+(q2)(ε∗pD)
{
qµ − q
2
m2
B∗c
−m2
Ds
Pµ
}
, (7)
where AV (q
2), A0(q
2), A+(q
2) , A−(q
2), TV (q
2), T0(q
2) and T+(q
2) are the transition form factors. Pµ = (pB + pD)µ
and qµ = (pB − pD)µ, here, q is transfer momentum or the momentum of the Z boson (photon).
The transition amplitude in terms of the form factors is as follows:
M =
GFα
2
√
2π
VtbV
∗
ts
{
ℓγµℓ
[
A1εµναβp
α
Bp
β
Dε
ν −A2(ε.pD)Pµ −A3(ε.pD)qµ −A4εµ
]
+ ℓγµγ5ℓ
[
B1εµναβp
α
Bp
β
Dε
ν −B2(ε.pD)Pµ −B3(ε.pD)qµ −B4εµ
]}
, (8)
where
A1 = −Ic9AV − 2C7TVmb/q2
A2 = Ic9A+ +
2c7mb
q2(m∗2B −m2D)
(T0 + q
2T−)
A3 = −Ic9A− − 2C7T−mb/q2
A4 = Ic9A0 − 2C7T0mb/q2
B1 = −IAV c10, B2 = A+c10, B3 = A−c10, B4 = A0c10 (9)
The decay rate for the B∗c → Ds l+l− decay is obtained as follows:
dΓ
dq2
=
Gf
2α2|VtbV ts|2
6144π5mB∗c
3
λ1/2(m2B∗c ,m
2
Ds , q
2)v∆ (10)
where
v =
√
1− 4m
2
ℓ
q2
, (11)
∆ = λ(m2B∗c ,m
2
Ds , q
2)
{
− 2|A1|2(2mℓ2 + q2) + 2|B1|2(4mℓ2 − q2)− 6|B3|
2mℓ
2q2
mB∗c
2
+
12Re[B3B
∗
4 ]mℓ
2
mB∗c
2
− 12Re[B2B
∗
3 ]mℓ
2(mB∗c
2 −mDs2)
mB∗c
2
}
− 1
mB∗c
2q2
{
|A2|2λ(m2B∗c ,m
2
Ds , q
2)2(2mℓ
2 + q2)mB∗c
2q2
+ 2Re[A2A
∗
4](2mℓ
2 + q2)
(
mB∗c
6 −mB∗c 4(3mDs2 + q2) +mB∗c 2(3mDs4 − 2mDs2q2 − q4)− (mDs2 − q2)3
)
5− |A4|2(2 mℓ2 + q2)
(
mB∗c
4 − 2mB∗c 2(mDs2 − 5q2) + (mDs2 − q2)2
)
− |B2|2λ(m2B∗c ,m
2
Ds , q
2)
(
mB∗c
4(2mℓ
2 + q2)
− 2mB∗c 2(mDs2(2mℓ2 + q2)− 4mℓ2q2 + q4) +mDs4(2mℓ2 + q2) +mDs2(8mℓ2q2 − 2q4)− 4mℓ2q4 + q6
)
+ 2Re[B2B
∗
4 ]λ(m
2
B∗c
,m2Ds , q
2)
(
mB∗c
2(2mℓ
2 + q2)−mDs2(2mℓ2 + q2)− 4mℓ2q2 + q4
)
− |B4|2
(
mB∗c
4(2mℓ
2 + q2)− 2mB∗c 2(mDs2(2mℓ2 + q2) + 26mℓ2q2 − 5q4) + (mDs2 − q2)2(2mℓ2 + q2)
)}
(12)
We follow the QCD sum rules approach to calculate the aforementioned form factors. The QCD sum rules start with
the following correlation functions:
T V−AVµν (p2B, p2D, q2) = i2
∫
d4xd4ye−ipBxeipDy < 0 | T [JDs(y)JV−AVµ (0)JνB∗c (x)] | 0 >,
T T−PTµν (p2B, p2D, q2) = i2
∫
d4xd4ye−ipBxeipDy < 0 | T [JDs(y)JT−PTµ (0)JνB∗c (x)] | 0 >, (13)
where JDs(y) = cγ5s and JνB∗c (x) = bγνc are interpolating currents of the Ds and B
∗
c meson states, respectively.
JV−AVµ = sγµ(1 − γ5)b and JT−PTµ = sσµνqν(1 + γ5)b consist of the vector (V ), axial vector (AV ), tensor (T )
and pseudo tensor (PT ) transition currents. The above correlation functions can be re-written by inserting the two
complete sets of the B∗c and Ds meson currents with the same quantum numbers into the Eq. (13) as follows:
T V−AVµν (p2B, p2D, q2) = −
< 0 | JDs | Ds(pD) >< Ds(pD) | JV−AVµ | B∗c (pB , ε) >< B∗c (pB, ε) | JνB∗c | 0 >
(p2D −m2Ds)(p2B −m2B∗c )
+ · · · ,
T T−PTµν (p2B, p2D, q2) = −
< 0 | JDs | Ds(pD) >< Ds(pD) | JT−PTµ | B∗c (pB, ε) >< B∗c (pB, ε) | JνB∗c | 0 >
(p2D −m2Ds)(p2B −m2B∗c )
+ · · · , (14)
where ”· · ·” indicates higher states and continuum contributions. The < 0 | JDs | Ds(pD) > and < B∗c (pB, ε) | JνB∗c |
0 > matrix elements are as follows:
< 0 | JDs | Ds(pD) >= −i
fDsm
2
Ds
ms +mc
, < B∗c (pB, ε) | JνB∗c | 0 >= fB∗cmB∗c εν , (15)
where fDs and fBc are the leptonic decay constants of the Ds and B
∗
c mesons, respectively. Using Eq.(6), Eq.(7) and
Eq.(15) together with the summation over the polarization of the B∗c meson, the Eq.(14) can be re-written as follows:
T V−AVµν (p2B, p2D, q2) = −
fDsm
2
Ds
(mc +ms)
fB∗cmB∗c
(p2D −m2Ds)(p2B −m2B∗c )
×
[
A0(q
2)gµν +A+(q
2)PµpBν
+ A−(q
2)qµpBν + iεµναβp
α
Bp
β
DAV (q
2)
]
+ excited states,
T T−PTµν (p2B, p2D, q2) = −
fDsm
2
Ds
(mc +ms)
fB∗cmB∗c
(p2D −m2Ds)(p2B −m2B∗c )
×
[
− i T0(q2)gµν
− i T+(q2)qµpBν + εµναβpαBpβDTV (q2)
]
+ excited states. (16)
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FIG. 1: The bare-loop and light quarks condensates contributions to B∗c → Ds l
+l− transitions
Then, on the QCD or theoretical side, the correlation functions are evaluated in terms of the quarks and gluons
parameters by means of the the operator product expansion (OPE). The correlation functions are written as:
T V−AVµν (p2B, p2D, q2) = T V−AV0 gµν + T V−AV+ PµpBν + T V−AV− qµpBν + iT V−AVV εµναβpαBpβD,
T T−PTµν (p2B, p2D, q2) = −i T T−PT0 gµν − i T T−PT+ qµpBν + T T−PTV εµναβpαBpβD, (17)
where each Ti with i = 0,+,− and V contains the perturbative and nonpertubative parts as:
Ti = T perti + T nonperti . (18)
The perturbative part of the Eq.(18) is the bare-loop diagram given in Fig.1(a). The nonperturbative part consists of
the light quark condensates and the two gluon condensates diagrams {see Fig.2(a-f)}. Contributions of the light quark
condensates {diagrams shown in Fig.1(b, c, d)} are removed by the application of the double Borel transformations
[18]. Therefore, the two gluon condensates diagrams shown in Fig.2(a-f) are described as the first correction.
The bare-loop contributions for each structure in the correlation function are the double dispersion integrals given
in the following formula:
T peri = −
1
(2π)2
∫
du
∫
ds
ρi(s, u, q
2)
(s− p2B)(u− p2D)
+ subtraction terms. (19)
In the foregoing calculations of the spectral density ρi(s, u, q
2), Cutkosky Rules are applied to the Feynman Integrals.
According to these rules the quark propagators are replaced by Dirac Delta Functions: 1p2−m2 → −2πiδ(p2 −m2),
which means that all quarks are real.
7The integration region in Eq.(19) is restricted by the arguments of the three δ functions in s, u and q2 space
coordinates, where these δ functions must be zero at the same time. As a result, the following inequality in s, u and
q2 space coordinates is obtained:
− 1 ≤ 2su+ (s+ u− q
2)(m2b − s−m2c) + (m2c −m2s)2s
λ1/2(m2b , s,m
2
c)λ
1/2(s, u, q2)
≤ +1 (20)
where λ(a, b, c) = a2 + b2 + c2 − 2ac− 2bc− 2ab.
Following the required calculations, the spectral densities are obtained as:
ρV−AVV = NcI0(s, u, q
2)
{
C1(mb −mc)− (C2 + 1)mc + C2ms
}
ρV−AV0 =
Nc
2
I0(s, u, q
2)
{
− 2m3c + 2msm2c − [(C1 + C2 + 1)(−q2 + s+ u) + 2C1s
+ 2C2u]mc +mb[2m
2
c − 2msmc + 2C2u+ C1(−q2 + s+ u)] +ms[2C1s
+ C2(−q2 + s+ u)]
}
ρV−AV+ =
Nc
2
I0(s, u, q
2)
{
C1(mb − 2C2mc −mc + 2C2ms)
− (2C2 + 1)(C2mc +mc − C2ms)
}
ρV−AV
−
=
Nc
2
I0(s, u, q
2)
{
(2C2 − 1)(C2mc +mc − C2ms)
+ C1(mb − 2C2mc −mc + 2C2ms)
}
ρT−PTV = 4NcI0(s, u, q
2)
{
− 2sC21 − (m2c −msmc + s+ 2C2(−q2 + s+ u))C1
− C2m2c + C2mcms +mcms +mb((C1 + C2 + 1)mc − (C1 + C2)ms)− 2C22u
− C2u
}
ρT−PT0 = 2NcI0(s, u, q
2)
{
C2q
2m2c − C2sm2c − 2sm2c + C2um2c + 2um2c
− C2msq2mc +msq2mc + C2mssmc +mssmc − C2msumc −msumc + C2u2
− C2q2u− C2su+ C1[−(q2 + s− u)m2c +ms(q2 + s− u)mc + s(q2 − s+ u)]
+ mb[mc((C1 − C2 − 1)q2 + (C1 + C2 + 1)(s− u)) +ms(C2(q2 − s+ u)
− C1(q2 + s− u))]
}
ρT−PT+ = 2NcI0(s, u, q
2)
{
((C1 + C2 + 2)m
2
c − (C1 + C2 + 1)msmc + 2C1C2q2
8− mb((C1 + C2 + 1)mc − (C1 + C2)ms) + C1s+ C2u)
}
(21)
where
I0(s, u, q
2) =
1
4λ1/2(s, u, q2)
,
C1 =
m2c(s− u− q2) + u(2m2b − s+ u− q2)−m2s(s+ u− q2)
λ(s, u, q2)
C2 =
s(2m2s + s− u− q2)−m2b(s+ u− q2)−m2c(s− u+ q2)
λ(s, u, q2)
Nc = 3. (22)
Now, the aim here is to evaluate the nonperturbative part of the Eq.(18). As has already been mentioned, the
contributions of the the light quark condensate diagrams (Fig. 1b,1c and 1d) to the nonperturbative part of the
correlation function vanish[18]. Thus, the gluon condensates diagrams shown in Fig.2 are evaluated. The Fock–
Schwinger fixed–point gauge [32–34] is used, where xµAaµ = 0 , A
a
µ is the gluon field.
The following integrals must be solved while evaluating the gluon condensate diagrams: [17, 35]:
I0[a, b, c] =
∫
d4k
(2π)4
1
[k2 −m2b ]a [(pB + k)2 −m2c ]b [(pD + k)2 −m2s]c
,
Iµ[a, b, c] =
∫
d4k
(2π)4
kµ
[k2 −m2b ]
a
[(pB + k)2 −m2c ]b [(pD + k)2 −m2s]c
,
Iµν [a, b, c] =
∫
d4k
(2π)4
kµkν
[k2 −m2b ]a [(pB + k)2 −m2c ]b [(pD + k)2 −m2s]c
, (23)
where k is the momentum of the spectator quark c.
The integrals are transferred from Minkowski space–time to Euclidean space–time. Then, the Schwinger represen-
tation for the Euclidean propagator is used as in the following:
1
k2 +m2
=
1
Γ(α)
∫
∞
0
dααn−1e−α(k
2+m2) . (24)
The Eq.(24) is convenient to perform the Borel transformation, that is:
Bpˆ2(M2)e−αp
2
= δ(1/M2 − α) . (25)
Performing integration over loop momentum k and auxiliary parameters used in the exponential representation of
propagators [33], and applying double Borel transformations over p2B and p
2
D, the transformed form of the integrals
(see also [33]) in Eq.(23) can be written as:
Iˆ0(a, b, c) = i
(−1)a+b+c
16π2 Γ(a)Γ(b)Γ(c)
(M21 )
2−a−b(M22 )
2−a−c U0(a+ b+ c− 4, 1− c− b) ,
9c
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FIG. 2: Gluon condensate contributions to B∗c → Ds l
+l− transitions
Iˆµ(a, b, c) = Iˆ1(a, b, c)pµ + Iˆ2(a, b, c)p
′
µ ,
Iˆµν(a, b, c) = Iˆ3(a, b, c)gµν + Iˆ4(a, b, c)pµpν + Iˆ5(a, b, c)p
′
µp
′
ν
+ Iˆ6(a, b, c)pµp
′
ν + Iˆ7(a, b, c)pνp
′
µ, (26)
where
Iˆ1(a, b, c) = i
(−1)a+b+c+1
16π2 Γ(a)Γ(b)Γ(c)
(M21 )
2−a−b(M22 )
3−a−c U0(a+ b+ c− 5, 1− c− b) ,
Iˆ2(a, b, c) = i
(−1)a+b+c+1
16π2 Γ(a)Γ(b)Γ(c)
(M21 )
3−a−b(M22 )
2−a−c U0(a+ b+ c− 5, 1− c− b) ,
10
Iˆ3(a, b, c) = i
(−1)a+b+c+1
32π2 Γ(a)Γ(b)Γ(c)
(M21 )
3−a−b(M22 )
3−a−c U0(a+ b+ c− 6, 2− c− b) ,
Iˆ4(a, b, c) = i
(−1)a+b+c
16π2 Γ(a)Γ(b)Γ(c)
(M21 )
2−a−b(M22 )
4−a−c U0(a+ b+ c− 6, 1− c− b) ,
Iˆ5(a, b, c) = i
(−1)a+b+c
16π2 Γ(a)Γ(b)Γ(c)
(M21 )
4−a−b(M22 )
2−a−c U0(a+ b+ c− 6, 1− c− b) ,
Iˆ6(a, b, c) = i
(−1)a+b+c
16π2 Γ(a)Γ(b)Γ(c)
(M21 )
3−a−b(M22 )
3−a−c U0(a+ b+ c− 6, 1− c− b) ,
Iˆ7(a, b, c) = Iˆ6(a, b, c) , (27)
where M21 and M
2
2 are the Borel parameters.
The function U0(α, β) is:
U0(a, b) =
∫
∞
0
dy(y +M21 +M
2
2 )
ayb exp
[
−B−1
y
− B0 −B1y
]
,
where
B−1 =
1
M21M
2
2
[
m2sM
4
1 +m
2
bM
4
2 +M
2
2M
2
1 (m
2
b +m
2
s − q2)
]
,
B0 =
1
M21M
2
2
[
(m2s +m
2
c)M
2
1 +M
2
2 (m
2
b +m
2
c)
]
,
B1 =
m2c
M21M
2
2
. (28)
The Borel transformed form of the phenomenological side {Eq. (16)} and QCD side {Eq. (17)} is calculated. The
QCD sum rules for the form factors ( AV , A0, A+ , A−, TV , T0 and T−) can be achieved by equating the expressions
of the phenomenological side {Eq. (16)} and QCD side {Eq. (17)} just after the following Borel transformation:
Ai(q
2) =
(ms +mc)e
m2
B∗c
/M2
1 em
2
Ds
/M2
2
fB∗cmB∗c fDsm
2
Ds
[
1
(2π)2
∫ u0
umin
du
∫ s0
smin
dsρV−AVi (s, u, q
2)e−s/M
2
1
−u/M2
2
+ i
1
24π2
CAi <
αs
π
G2 >
]
, (29)
Ti(q
2) =
(ms +mc)e
m2
B∗c
/M2
1 em
2
Ds
/M2
2
fB∗cm
2
B∗c
fDsm
2
Ds
[
1
(2π)2
∫ u0
umin
du
∫ s0
smin
dsρT−PTi (s, u, q
2)e−s/M
2
1
−u/M2
2
+ i
1
24π2
CTi <
αs
π
G2 >
]
, (30)
Note that, the Borel transformation suppresses the contributions of higher states and continuum. In addition, the
two gluon condensates contributions are CAi and CTi . The contributions of the aforementioned expressions (CAi and
CTi) are considered in the numerical analysis. However, since each of these explicit expressions is extremely long, it
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is found unnecessary to show them all in this study. Therefore, one of these expressions (CAV ) is shown as a sample
in Appendix. The s0 and u0 are the continuum thresholds in s and u channels, respectively. Also smin = (mb +mc)
2
and umin = (ms +mc)
2.
III. NUMERICAL ANALYSIS
From the explicit expressions for the decay rate, it is clear that the main input parameters entering into the
expressions are Wilson coefficients ceff7 , c
eff
9 and c10 , the CKM matrix elements | Vtb |= 0.77+0.18−0.24, | Vts |= (40.6 ±
2.7) × 10−3 [28] and the form factors AV , A0, A+ , A−, TV , T0, T−. Moreover, the value of the gluon condensate
< αsπ G
2 >= 0.012 GeV 4 [36], the masses and leptonic decay constants, mB∗c = 6.2745 ± 0.0018 GeV[28], mDs =
1968.50 ± 0.32 Mev[28], fB∗
C
and fDs = (206.7 ± 8.5 ± 2.5)MeV[28], the masses of the quarks mc(µ = mc) =
1.275± 0.015 GeV , ms(2 GeV ) ≃ 95 MeV [28] , and mb = (4.18± 0.03) GeV [28] are necessary for evaluation of the
form factors.
In order to reduce the theoretical uncertainties as well as the dependence on the input parameters used in the
calculation of the form factors the same set of the input parameters is utilized for calculation of the form factors and
the decay constant at the same time. We obtain fB∗
C
= 428 ± 35 MeV by using generic formula given in Ref. [37].
This result is in good agreement with the results of the Ref.[38], which is fB∗
C
= 415 ± 31 MeV. Furthermore, the
form factors contain four auxiliary parameters: the Borel mass squares M21 and M
2
2 and the continuum threshold s0
and u0. The physical quantities such as form factors are supposed to be independent or weakly dependent on these
auxiliary parameters in the so called ”working regions”.
The upper bound of the ”working region” of M21 and M
2
2 is chosen in a way that the contribution of continuum
is less than that of the first resonance. The lower bound of M21,2 is fixed so that the contributions proportional
to the highest power of 1/M21,2 are less than about 30
0/0 of the contributions proportional to the highest power of
M21,2. With the aforementioned conditions, we find the stable region for the form factor in the following intervals;
10 GeV 2 ≤ M21 ≤ 25 GeV 2 and 4 GeV 2 ≤ M22 ≤ 10 GeV 2. The continuum thresholds, s0 and u0 are determined
by the mass of the corresponding ground-state hadron. The value of the s0 and u0 must be less than the energy of
the first excited states with the same quantum numbers. Hence, the following regions for the s0 and u0 are used:
(mB∗c + 0.3)
2 ≤ s0 ≤ (mB∗c + 0.7)2 and (mDs + 0.3)2 ≤ u0 ≤ (mDs + 0.7)2 .
In order to estimate the decay width of B∗c → Ds l+l− decays, the q2 dependency of the form factors AV , A0, A+
, A−, TV , T+ and T0 in the whole physical region, 4m
2
l ≤ q2 ≤ (mB∗c −mDs)2, is required.
The detailed numerical analysis of the form factor depicts that the dependence of the form factors fits into the
following function:
F (q2) =
a
1− q2/m2fit
+
b
(1− q2/m2fit)2
(31)
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The parameters of the fit function are given in Table II:
mfit a b
AV (q
2) 5.3± 1.2 −0.025± 0.005 0.046 ± 0.007
A0(q
2) 6.99± 1.5 −0.83± 0.13 1.25± 0.18
A+(q
2) 5.28± 1.2 −0.025± 0.005 0.047 ± 0.007
A−(q
2) 5.28± 1.2 −0.025± 0.005 0.047 ± 0.007
TV (q
2) 5.26± 1.2 −0.11± 0.017 0.21± 0.033
T0(q
2) 6.91± 1.14 −3.71± 0.48 5.62± 1.13
T+(q
2) 6.58± 1.08 −0.019± 0.003 0.029 ± 0.004
TABLE II: Parameters appearing in the form factors of the B∗c → Ds l
+l− decay in a four-parameter fit, for M21 = 17 GeV
2,
M22 = 17 GeV
2, s0 = 46GeV
2 and u0 = 6GeV
2
The errors in the numerical calculation shown in Table II stem from the variation of the continuum thresholds, the
Borel mass parameter in the given intervals and the uncertainties of the input parameters.
Taking account of the dileptonic invariant mass( q2) dependence of the form factors in the kinematical allowed
region in the range of 4m2l ≤ q2 ≤ (mB∗c − mDs)2, we study the the differential decay rate for the B∗c → Ds l+l−
decays. Our results for three different values of the q2 are presented in Table III. In addition, Fig. (3) depicts the
dependence of the differential decay rate on q2 for full kinematical allowed region.
The branching ratio can be calculated if we know the mean life time of the B∗c . There is no experimental data on
the mean life time of the B∗c . Thus, we ignore about the calculation of the banting ratio. It is worth mentioning that
using the theoretical methods like Bethe-Salpeter model [39] and potential model [40], it is possible to calculate the
mean life time of the B∗c meson and estimate the branching ratio as well.
q2(GeV2) (dΓ/dq2)(B∗c → Dsµ
+µ−)
1 (3.63± 1.1) × 10−21
6 (4.61± 1.6) × 10−21
12 (8.42± 2.2) × 10−21
TABLE III: Values for the decay rate of the B∗c → Dsµ
+µ− decay at three different values of the dileptonic invariant mass.
Finally, we calculate the integrated decay rate for the B∗c → Ds µ+µ− decays as follows:
Γ =
∫ (mB∗c−mDs )2
4m2µ
dΓ
dq2
dq2 = (3.14± 0.82)× 10−19 (32)
To sum up, we investigated the B∗c → Dsℓ+ℓ− decays in the framework of the QCD sum rules approach. The
form factors of these decays were obtained in terms of the q2. The contributions of the quark condensates in the
correlations function found to be zero, so the contributions of the two gluon condensates to the correlations function
were evaluated. Finally, we calculated the differential decay width and the integrated decay rate of these decays for
the muon channel.
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FIG. 3: The dependence of the differential decay rate on q2 for B∗c → Ds µ
+µ− transitions
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Appendix
In this section, we present the explicit expressions for the coefficients CAV corresponding to the gluon condensates
contributions of gµν structure entering to the expressions for the form factors in Eq.(29).
CAV = (8mb − 16ms + 16mc)I(1, 1, 2) + (24m3s − 40mbm2s + 16mcm2s
+ 24m2bms + 32m
2
cms − 32q2ms − 16mbmcms − 32m3c − 16mbm2c − 8mcq2)I(1, 1, 3) (33)
+ (−48m2cm3s + 48m3cm2s + 48mbm2cm2s − 48mbm3cms + 24m2cq2ms)I(1, 1, 4)
− 56msI(1, 2, 1) + (8m3s − 8mbm2s + 8m2cms − 32mbmcms − 16m3c − 8mbm2c
− 8mcq2)I(1, 2, 2) + (24m5s − 24mbm4s − 40mcm4s + 8m2cm3s − 16q2m3s + 32mbmcm3s
− 8mbm2cm2s − 8mcq2m2s + 16m4cms + 16mbm3cms − 8m2cq2ms − 8m5c − 16mbm4c
− 8m3cq2)I(1, 2, 3) + (−64m3s + 16mbm2s + 16mcm2s + 24m2bms + 24m2cms + 8q2ms
− 16mbmcms − 24mbm2c − 24m2bmc)I(1, 3, 1) + (16m5s − 16mbm4s − 16mcm4s
+ 8m2cm
3
s − 24q2m3s + 16mbmcm3s − 32m3cm2s − 8mbm2cm2s + 24m4cms + 32mbm3cms
− 16m2cq2ms − 24mbm4c)I(1, 3, 2) + (8m7s − 8mbm6s − 16mcm6s − 8m2cm5s − 8q2m5s
+ 16mbmcm
5
s + 32m
3
cm
4
s + 8mbm
2
cm
4
s − 8m4cm3s − 32mbm3cm3s + 16m2cq2m3s − 16m5cm2s
+ 8mbm
4
cm
2
s + 8m
6
cms + 16mbm
5
cms − 8m4cq2ms − 8mbm6c)I(1, 3, 3) + (−48m5s
+ 48mbm
4
s + 48mcm
4
s + 24q
2m3s − 48mbmcm3s)I(1, 4, 1) + (8mc − 8ms)I(2, 1, 1)
+ (24msm
2
b + 16msmcmb − 8msm2c − 16msq2)I(2, 1, 2) + (24msm4b − 24msm2cm2b
− 16m2smcm2b + 48msm3cmb − 48m2sm2cmb + 32m2sq2mb − 32msmcq2mb + 48msm4c
+ 24msq
4 − 32m2sm3c − 88msm2cq2 + 16m2smcq2)I(2, 1, 3) + (−16m3b + 16msm2b
− 8mcm2b − 16m2smb − 8q2mb + 16msmcmb + 16m3s − 8msq2 − 8m2smc)I(2, 2, 1)
+ (16m5s − 16mbm4s − 16mcm4s + 8m2bm3s − 24q2m3s + 16mbmcm3s − 32m3bm2s
− 8m2bmcm2s + 24m4bms − 16m2bq2ms + 32m3bmcms − 24m4bmc)I(2, 3, 1)
+ (−32m3b + 32msm2b − 16mcm2b + 16m2smb − 8q2mb − 16msmcmb − 72m3s
+ 24msm
2
c + 16msq
2 + 56m2smc)I(3, 1, 1) + (16msm
4
b − 32m2sm3b + 16msmcm3b
+ 8msm
2
cm
2
b − 40msq2m2b − 16m2smcm2b + 32msm3cmb − 16m2sm2cmb + 16m2sq2mb
− 32msmcq2mb + 24msm4c + 24msq4 − 32m2sm3c − 48msm2cq2 + 32m2smcq2)I(3, 1, 2)
+ (8msm
6
b − 16m2sm5b + 16msmcm5b − 8msm2cm4b − 24msq2m4b − 16m2smcm4b
− 32msm3cm3b + 32m2sm2cm3b + 32m2sq2m3b − 32msmcq2m3b − 8msm4cm2b + 24msq4m2b
+ 32m2sm
3
cm
2
b − 16msm2cq2m2b + 32m2smcq2m2b + 16msm5cmb − 16m2sm4cmb
16
− 16m2sq4mb + 16msmcq4mb − 32msm3cq2mb + 32m2sm2cq2mb + 8msm6c − 8msq6
− 16m2sm5c + 24msm2cq4 − 16m2smcq4 − 24msm4cq2 + 32m2sm3cq2)I(3, 1, 3)
+ (−8m5b + 16msm4b − 16mcm4b − 8q2m3b + 16msmcm3b + 8m3sm2b − 8msq2m2b
− 8m2smcm2b − 40m4smb − 8m2sq2mb + 32m3smcmb + 24m5s − 16m3sq2
− 24m4smc)I(3, 2, 1) + (8m7s − 16mbm6s − 8mcm6s − 8m2bm5s − 8q2m5s + 16mbmcm5s
+ 32m3bm
4
s + 8m
2
bmcm
4
s − 8m4bm3s + 16m2bq2m3s − 32m3bmcm3s − 16m5bm2s
+ 8m4bmcm
2
s + 8m
6
bms − 8m4bq2ms + 16m5bmcms − 8m6bmc)I(3, 3, 1) + (−144m2sm3b
+ 144msmcm
3
b + 144m
3
sm
2
b − 72msq2m2b − 144m2smcm2b)I(4, 1, 1)
+ (8mbq
2 − 8mcq2)I1(1, 1, 3) + (24msm2cq2 − 24mbm2cq2)I1(1, 1, 4)
+ (8mbq
2 + 24msq
2)I1(1, 3, 1) + (24m
3
sq
2 − 24mbm2sq2)I1(1, 4, 1)
+ (8mbq
2 − 8mcq2)I1(2, 1, 2) + (−16mbq4 + 8mcq4 − 24m3cq2 + 24mbm2cq2
+ 8m2bmcq
2)I1(2, 1, 3) + (16q
2m3b − 8msq2m2b + 8m2sq2mb − 16m3sq2)I1(2, 3, 1)
+ (40msq
2 − 16mbq2)I1(3, 1, 1) + (−16mbq4 + 24m3bq2 + 16mbm2cq2)I1(3, 1, 2)
+ (8mbq
6 − 16m3bq4 − 16mbm2cq4 + 8m5bq2 + 8mbm4cq2 − 16m3bm2cq2)I1(3, 1, 3)
+ (16q2m3b − 8msq2m2b + 8m2sq2mb − 16m3sq2)I1(3, 2, 1) + (8q2m5b − 8msq2m4b
− 16m2sq2m3b + 16m3sq2m2b + 8m4sq2mb − 8m5sq2)I1(3, 3, 1)
+ (72m3bq
2 − 72m2bmsq2)I1(4, 1, 1) + (−8msq2 − 16mcq2)I2(1, 1, 3)
+ (24msm
2
cq
2 − 24m3cq2)I2(1, 1, 4) + (8msq2 − 8mcq2)I2(1, 2, 2) + (−16q2m3s
+ 8mcq
2m2s − 8m2cq2ms + 16m3cq2)I2(1, 2, 3) + (24msq2 + 8mcq2)I2(1, 3, 1)
+ (−16q2m3s + 8mcq2m2s − 8m2cq2ms + 16m3cq2)I2(1, 3, 2) + (−8q2m5s + 8mcq2m4s
+ 16m2cq
2m3s − 16m3cq2m2s − 8m4cq2ms + 8m5cq2)I2(1, 3, 3)
+ (24m3sq
2 − 24m2smcq2)I2(1, 4, 1) + (8mcq2 − 8mbq2)I2(2, 1, 2)
+ (40m3cq
2 − 16mcq4)I2(2, 1, 3) + (−8mbq2 + 48msq2 − 40mcq2)I2(3, 1, 1)
+ (8mbq
4 − 16mcq4 − 8m3bq2 + 16m3cq2 − 8mbm2cq2 + 8m2bmcq2)I2(3, 1, 2)
+ (8mcq
6 − 16m3cq4 − 16m2bmcq4 + 8m5cq2 − 16m2bm3cq2 + 8m4bmcq2)I2(3, 1, 3)
+ (72m2bmcq
2 − 72m2bmsq2)I2(4, 1, 1)
+ D03
{
8msI(3, 3, 1) + (8mc − 8mb)I1(3, 3, 1)
}
+ D30
{
8mbI(1, 3, 3) + (8mc − 8ms)I2(1, 3, 3)
}
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+ D20
{
(−24mb + 8mc − 16ms)I(1, 2, 3) + (8mc − 24mb)I(1, 3, 2)
+ (8m3c − 24mbm2c − 16msm2c + 8m2smc − 8q2mc + 16mbmsmc − 24mbm2s)I(1, 3, 3)
+ (8ms − 16mc)I2(1, 2, 3) + (16ms − 8mc)I2(1, 3, 2)
+ (−16m3c + 16msm2c − 16m2smc − 8q2mc + 16m3s + 8msq2)I2(1, 3, 3)
}
+ D02
{
D10
[
8mcI(3, 3, 1) + (8mc − 8mb)I1(3, 3, 1) + (16mc − 16mb)I2(3, 3, 1)
]
+ (8mc − 24ms)I(2, 3, 1) + (−16mb + 8mc − 24ms)I(3, 2, 1) + (8m3c − 16mbm2c
− 24msm2c + 8m2bmc − 8q2mc + 16mbmsmc − 24m2bms)I(3, 3, 1)
+ (16mb − 8mc)I1(2, 3, 1) + (8mb − 16mc)I1(3, 2, 1)
+ (16m3b − 16mcm2b + 16m2cmb + 8q2mb − 16m3c − 8mcq2)I1(3, 3, 1)
}
+ D10
{
D20
[
8mcI(1, 3, 3) + (16mc − 16ms)I1(1, 3, 3) + (8mc − 8ms)I2(1, 3, 3)
]
+ D10
[
(−16mc − 8ms)I(1, 2, 3)− 16mcI(1, 3, 2) + (−16m3c − 16m2smc)I(1, 3, 3)
− 16mcI(2, 3, 1) + (−8mb − 16mc)I(3, 2, 1) + (−16m3c − 16m2bmc)I(3, 3, 1)
+ (16ms − 32mc)I1(1, 2, 3) + (32ms − 16mc)I1(1, 3, 2) + (−32m3c + 32msm2c
− 32m2smc + 32m3s)I1(1, 3, 3) + (16mb − 8mc)I1(2, 3, 1) + (8mb − 16mc)I1(3, 2, 1)
+ (16m3b − 16mcm2b + 16m2cmb − 16m3c)I1(3, 3, 1) + (8ms − 16mc)I2(1, 2, 3)
+ (16ms − 8mc)I2(1, 3, 2) + (−16m3c + 16msm2c − 16m2smc + 16m3s)I2(1, 3, 3)
+ (32mb − 16mc)I2(2, 3, 1) + (16mb − 32mc)I2(3, 2, 1) + (32m3b − 32mcm2b
+ 32m2cmb − 32m3c)I2(3, 3, 1)
]
+ (8mc + 8ms)I(1, 1, 3)− 24mcm2sI(1, 1, 4)
+ 8msI(1, 2, 2) + (16m
3
c + 8msm
2
c + 8m
2
smc + 8m
3
s)I(1, 2, 3)
+ (24ms − 32mc)I(1, 3, 1) + (24m3c + 16m2smc)I(1, 3, 2) + (8m5c − 16m2sm3c
+ 8m4smc)I(1, 3, 3)− 24m3cI(1, 4, 1) + (24mb − 16mc + 16ms)I(2, 2, 1) + (−16m3c
+ 32mbm
2
c + 40msm
2
c − 32m2bmc + 16q2mc − 32mbmsmc + 48m2bms)I(2, 3, 1)
+ (24mb − 64mc + 24ms)I(3, 1, 1) + (24m3b − 32mcm2b + 40msm2b + 56m2cmb
+ 8q2mb − 32mcmsmb − 32m3c + 16mcq2 + 48m2cms)I(3, 2, 1) + (−16m5c
+ 32mbm
4
c + 24msm
4
c − 32m2bm3c + 16q2m3c − 32mbmsm3c + 32m3bm2c + 16m2bmsm2c
− 16m4bmc + 16m2bq2mc − 32m3bmsmc + 24m4bms)I(3, 3, 1) + 72m2bmcI(4, 1, 1)
+ (−8mb + 16mc + 40ms)I1(1, 1, 3) + (48m3s + 24mbm2s − 72mcm2s)I1(1, 1, 4)
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+ (16ms − 16mc)I1(1, 2, 2) + (32m3c − 16msm2c + 16m2smc − 32m3s)I1(1, 2, 3)
+ (−8mb − 72mc − 16ms)I1(1, 3, 1) + (32m3c − 16msm2c + 16m2smc
− 32m3s)I1(1, 3, 2) + (16m5c − 16msm4c − 32m2sm3c + 32m3sm2c + 16m4smc
− 16m5s)I1(1, 3, 3) + (−72m3c + 24mbm2c + 48msm2c)I1(1, 4, 1)
+ (8mb − 8ms)I1(2, 1, 2) + (−56m3s − 24mbm2s − 8m2bms + 24q2ms
+ 16mbq
2)I1(2, 1, 3) + (−16m3b + 8mcm2b − 8m2cmb − 16q2mb + 16m3c
+ 8mcq
2)I1(2, 3, 1) + (32mb − 136mc + 80ms)I1(3, 1, 1) + (−8m3b − 16msm2b
− 32m3s + 32msq2)I1(3, 1, 2) + (−8m5b − 16msm4b + 16m2sm3b + 16q2m3b + 32m3sm2b
+ 32msq
2m2b − 8m4smb − 8q4mb + 16m2sq2mb − 16m5s − 16msq4 + 32m3sq2)I1(3, 1, 3)
+ (−16m3b + 8mcm2b − 8m2cmb − 8q2mb + 16m3c + 16mcq2)I1(3, 2, 1) + (−8m5b
+ 8mcm
4
b + 16m
2
cm
3
b − 16q2m3b − 16m3cm2b + 16mcq2m2b − 8m4cmb − 16m2cq2mb
+ 8m5c + 16m
3
cq
2)I1(3, 3, 1) + (−72m3b + 216mcm2b − 144msm2b)I1(4, 1, 1)
+ (8mc + 16ms)I2(1, 1, 3) + (24m
3
s − 24mcm2s)I2(1, 1, 4) + (8ms − 8mc)I2(1, 2, 2)
+ (16m3c − 8msm2c + 8m2smc − 16m3s)I2(1, 2, 3) + (−24mc − 8ms)I2(1, 3, 1)
+ (16m3c − 8msm2c + 8m2smc − 16m3s)I2(1, 3, 2) + (8m5c − 8msm4c − 16m2sm3c
+ 16m3sm
2
c + 8m
4
smc − 8m5s)I2(1, 3, 3) + (24m2cms − 24m3c)I2(1, 4, 1)
+ (8mb − 8ms)I2(2, 1, 2) + (16msq2 − 40m3s)I2(2, 1, 3) + (8mb − 48mc
+ 40ms)I2(3, 1, 1) + (8m
3
b − 8msm2b + 8m2smb − 8q2mb − 16m3s + 16msq2)I2(3, 1, 2)
+ (−8m5s + 16m2bm3s + 16q2m3s − 8m4bms − 8q4ms + 16m2bq2ms)I2(3, 1, 3)
+ (72m2bmc − 72m2bms)I2(4, 1, 1)
}
+ D10
{
− 24m3cI(1, 4, 1)− 24m2smcI(1, 1, 4) + 72m2bI(4, 1, 1)mc + (24mb − 16mc
+ 24ms)I(1, 1, 3) + (16mb − 16mc + 24ms)I(1, 2, 2) + (−32m3c + 48mbm2c + 56msm2c
− 32m2smc + 16q2mc − 32mbmsmc + 24m3s + 40mbm2s + 8msq2)I(1, 2, 3)
+ (24mb − 32mc)I(1, 3, 1) + (−16m3c + 40mbm2c + 32msm2c − 32m2smc + 16q2mc
− 32mbmsmc + 48mbm2s)I(1, 3, 2) + (−16m5c + 24mbm4c + 32msm4c − 32m2sm3c
+ 16q2m3c − 32mbmsm3c + 32m3sm2c + 16mbm2sm2c − 16m4smc − 32mbm3smc
+ 16m2sq
2mc + 24mbm
4
s)I(1, 3, 3) + (8mb + 8mc)I(2, 2, 1)
+ (24m3c + 16m
2
bmc)I(2, 3, 1) + (8mb − 40mc)I(3, 1, 1) + (8m3b + 8mcm2b + 8m2cmb
+ 16m3c)I(3, 2, 1) + (8m
5
c − 16m2bm3c + 8m4bmc)I(3, 3, 1) + (8ms − 8mb)I1(1, 1, 3)
19
+ (24mbm
2
s − 24mcm2s)I1(1, 1, 4) + (−8mb − 24mc)I1(1, 3, 1) + (24mbm2c
− 24m3c)I1(1, 4, 1) + (8ms − 8mb)I1(2, 1, 2) + (24m3s − 24mbm2s − 8m2bms − 8q2ms
+ 16mbq
2)I1(2, 1, 3) + (−16m3b + 8mcm2b − 8m2cmb + 16m3c)I1(2, 3, 1)
+ (16mb − 40mc)I1(3, 1, 1) + (−24m3b − 16m2smb + 16q2mb)I1(3, 1, 2)
+ (−8m5b + 16m2sm3b + 16q2m3b − 8m4smb − 8q4mb + 16m2sq2mb)I1(3, 1, 3)
+ (−16m3b + 8mcm2b − 8m2cmb + 16m3c)I1(3, 2, 1) + (−8m5b + 8mcm4b + 16m2cm3b
− 16m3cm2b − 8m4cmb + 8m5c)I1(3, 3, 1) + (72m2bmc − 72m3b)I1(4, 1, 1) + (−16mb
+ 8mc + 32ms)I2(1, 1, 3) + (24m
3
s + 48mbm
2
s − 72mcm2s)I2(1, 1, 4)
+ (8ms − 8mc)I2(1, 2, 2) + (16m3c − 8msm2c + 8m2smc + 16q2mc − 16m3s
− 8msq2)I2(1, 2, 3) + (−16mb − 72mc − 8ms)I2(1, 3, 1) + (16m3c − 8msm2c + 8m2smc
+ 8q2mc − 16m3s − 16msq2)I2(1, 3, 2) + (8m5c − 8msm4c − 16m2sm3c + 16q2m3c
+ 16m3sm
2
c − 16msq2m2c + 8m4smc + 16m2sq2mc − 8m5s − 16m3sq2)I2(1, 3, 3)
+ (−72m3c + 48mbm2c + 24msm2c)I2(1, 4, 1) + (8ms − 8mb)I2(2, 1, 2) + (8m3s
− 48mbm2s − 16m2bms + 32mbq2)I2(2, 1, 3) + (−32m3b + 16mcm2b − 16m2cmb
+ 32m3c)I2(2, 3, 1) + (40mb − 128mc + 40ms)I2(3, 1, 1) + (−40m3b − 8msm2b
− 24m2smb + 24q2mb − 16m3s + 16msq2)I2(3, 1, 2) + (−16m5b − 8msm4b + 32m2sm3b
+ 32q2m3b + 16m
3
sm
2
b + 16msq
2m2b − 16m4smb − 16q4mb + 32m2sq2mb − 8m5s
− 8msq4 + 16m3sq2)I2(3, 1, 3) + (−32m3b + 16mcm2b − 16m2cmb + 32m3c)I2(3, 2, 1)
+ (−16m5b + 16mcm4b + 32m2cm3b − 32m3cm2b − 16m4cmb + 16m5c)I2(3, 3, 1)
+ (−144m3b + 216mcm2b − 72msm2b)I2(4, 1, 1)
}
(34)
where
Dji
[
In(M
2
1 ,M
2
2 )
]
= (M21 )
i(M22 )
j ∂i
∂(M21 )
i
∂j
∂(M22 )
j
[
(M21 )
i(M22 )
jIn(M
2
1 ,M
2
2 )
]
.
